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InflieClfllniM 

A cottflete Hstiiig of the claimfl follows iinmediately hmttiaftar. 

1. (eumnily amended) A plasma reactor syBtem at least fiirnae inremovm^ en implant efi «*»i^ft* ifl ft >ma^aa an 
p^itemMBt layer of a pkitdresiat pattern that ia soppoited by a pjoooBfl nintor iol cruflt fhiin a tceBhtmA objec t aaid implant 

^ crust being farmed reaponflivc to exposure of the trcalmBiit obieet to a hifih rif»se inn irrmlflnt which mtroduceg im inylmtBd 
do pant into Ifae treatment obj ect as well as into the photoresist thereby producing said implflnt crust said system cooqydsing: 
a treatment chamber wittiin which a plasma ia generated using a hydrocarbon sas id combination with oxygen gaa in 
a way wiiicli subjects the p g oo es ama tegM^ implant crust to tbe plasma for use Jn removal of the prooeas mflt e rial imolailt 
ciust, said plaaim being fi«e of halogens, at least to an approxinsati0a 

2. (original) The system of claim 1 mlierein said l^ydiocinboii gaa produces lofv molecular weight radicals in said 

plasma. 

3* (origiiial) Ths syston of claim 2 wherein, said Low molecular weight radicals i n chide a molecular weight of less 
than appi^Aiutately 30< 

4. (original) The ayatem of claim 2 wherein said radicals include at least one of CHa radicals and CH9 ladicals in 
dieplasxna. 

5. (canceled) 

6. (eunently amended) Tbit system of claim 5 wherein said p rooeoo mat tM inylant cnist overlies an unaltered 
region of said gfi original photorosi&t layai and said plasma fbntked using said l^dracarbon gas in conibinatlotk widi oi^gjon is 
used to remove said unaltered region of phbtoreaiat 

7. (eunently amieoded) The system of claim 6 wiierein said pro o eco material implaTit crust and said unaltered region 
of said odginal photoiesiat layer are sinultaneoualy removed using said plasma tbxmed wiiih aaid hydrocarbon gas in 
combination wtlh oxygen gas. 

S. (original) The system of claim 7 i^rfterein said plasma is generated with downstream plasma generation means. 

9. (original) The system of claim 1 wherein the trealmQit object is a aemioonductor wafer. 

10. (origiiu^) The system of claim 1 wherein said hydrocatbon gas is manmge of fKHnapproadmately 15% to 85% 
of an overall mixture with the oxygen g96< 

1 1 . (orighuJ) The system of claim 1 i^toein said hydrocarbon gas is methane. 

1 2. (original) The system of claim 1 wherein 75% tnethane and 25% oxygen fbon an overall gas mixture. 

1 3 . (original) The system of claim 1 incbdix^ an inductivfl coil for inducing power into die plasma at a power level 
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ofat least 200 W. 

14. (origixial) Hie system of claim 1 iocluding an tnductive coil for inducing po^ver into Oie plasma at a power level 
of approximately 3000 watts. 

15. (origiiial) Hio $y8tem of elatm 1 including apaiaUel plate zeactor far gCTifirating said plasma* 

16. (original} Th» system of claixn 1 indudiiig ^ mictowavs plasma source fbr gsAiaratixig said plasma. 

17. (original} Tbe system of claim 1 Vf^hmixt said trealmeiit chsmiber is at a pressure selected in the raqge of 
appraximate^ 0.5 to IS Toar. 

18. (original) The flystem of claim 1 \«4ifiTBinaaidtreBtiK£ntdiamiberisaAapies^ 

19. (origiAal) The system of claim 1 ^^lexem said cbambei is at a piessute of approximately 1 Tozr. 

20. (cuuently amezuled) In a plasma reactor system at least fbr use in TgnipvingmiiiylaiitcnigtthHtiBfiiniipdaflan 
mUemTQrt liiver of s tttotorcflist pattern that is suDDOited bv a u i u u u sb mutu i iul C i uQt iifOm a treatment oMec t said implant 
ofTMt heiny fhimB d igBpcmalve exposure of the treatment 5|hjagt to a high dnae iim mylant which inlrcxiiices an inmlarrtBd 
dtmmt into the treatment objec t well m into phntoTesiat rtifTffhy p^t^^^i^y imnUnt m»t. a method ccmpising 

genmxii^ a plasma in a plasma chamber using a hydxocaibon gas in combination with oxygen gas such that the 
plasma is halogen free, at least to an approxiniatiozi, in a way wliick subjects the pro ss so matwiol iimdaDt crust to the plasma 
for use in removal oftfae proo e oojaoteri rf infant crust 

2L (oiignaal) The method of claim 20 v/btnki saidhydiocaibon gas produces low molecular weight radicals in said 

plasma. 

22. (oiigjnal) Ibe method of claim 21 wherein said low molecular weight radicals iochide a mdecular weight of 
less than approximately 30. 

23. (origmal) The method of claim 21 wherein said hydrocarbon gas is ceqpoble of generating at least one of CH3 
radicals and CH3 radicals in the plasma. 

24. (canceled 

25. (curzcndy Bmended) The n^thod of claim 24 wherein said proooDa wmlOTial implant ciust overties an unaltered 
region of smd an original photoresist layer and the method inchides using said plasma to remove said unaltered region of 
photorosist. 

26. (currently amended) The method of claim 25 including simultaneously removing said proessn mnfftrinl ffigpIgQt 
crust and said uaalteted region of said original photoresist layer using saidplaama. 
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27. (origiiuil) Thfi tticfhiMl of daim 26 incln^^ 

28. (origtnal) The melfaod of claim 20 vvhereinte treatment object is a semiccmductor wafei. 

29. (origmal) The xoeAod of claim 20 wberein said b^ydrocBibon gaa is m a nu^ of from appmdaositely 15% to 
85% of oa oveiall mixtnie yA6x the oxygen gas. 

30. (original) The method of claim 20 whareiti said hydrocazbon gas is methane. 

31. (origiaal) Ihe method of claim 20 \v1ierein 75% mefiiane and 25% oxygen fbnn an ovetall gas ndxture. 

32. (m-jgmal) Hie methiod of claim 20 inchiding the step of inducing power into the plasnoa at a powet level of 
least 500 watts. 

33. (cuixcntly amended) The msthod of claim 20 th e step of including inducing power nxto the plasma at a power 
level in a xange ftom approximately 500 to 5000 -mtts. 

34 . (cuiieDily amended) The mc&od of claim 20 uicluding the Btep of ptessnriaing ^ said treat e mant treatment 
otttjribcr at a pressure aelected in the range of app roT dma tely 0.5 to 15 tour. 

35. (currently amended) The mdfaod of claim 20 including the otcp of pressurizing Oe said treatment chaniber at a 
pxesaure of a ppiwiim ately 3 Wt. 

36. (currently amended) The method of chum 20 Inchidlng the step of ineasurizing &e said treatment diamber at a 
pxasBure of c^proodmately 1 toir. 

37. (withdraxro) A {daaina reactor system at least use In 
object* said system con^Kriaing! 

a treatmem diainber wifliin ^ch a plasma is generated, that Is ft 
containing gas incornbrnation widi oxygen gas such that an overall gas mixture includes at least 15% bydtogenina way 
whidi subjects the process ™iBriAl crust to ttie plasma for use in removal of the process material crust. 

38. (withdrawn) The systemof claim 37 wfaeram said hydros containing gaa consists essentially of hydrogen 

f 

39. (withdrawn) The gystem of clami 38 wherein each of said hydrogen gas and said oxygen gas rnaks vp 
approximately one-half of the overall gv mixture. 

40. (wididrawn) The system of clahn 38 wherein said hydrogen gas is 
fixmi ^)proiximately 15% to 85%. 

41. (withdrawn) The system of claini38 including prewnirizing the treatment chanober at a pressure selected in the 
range of approximatdy 0.5 to 15 Torr. 
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. ^ .. ^ .-. . . . 

42. (withdrawn) The system of claim 37 ^T^aodn said pt^oess mflterial h a photoresist and 8aid}itocesa tnatarial 
crust is formad by ionhnplantatioii of ao origitialphotoreaiflt layem a sui&ce of said tTeatraent object 

43. (withdrawn) Tbe By3t«m of claim 42 wherein said process matetial cdust ovexliea an unaltend region of said 
i^ rigynni pliotoresist layer and said plasma fonned using said hydxogesi gas in ccnnbination wil3i oxygen is used to remove said 
unahned region <tf pfaotoresiat 

44. (withdrawn) The system of claim 43 v^ierein said process material crust and said luaheied re^on of said 
original photoiesist layer are simultaneously removed using Sdid plasma formed with said hydrogen gaa in combination with 
oxygen gas. 

45. (withdrawn) The system of claim 37 wherein die treatmeDt otgect is a aenncondiictDr wafer. 

46. (wi&dmwn) The system of claim 37 wherein said hydiogen containing gas is in a laitge of from ^^proximately 
* 1 S% to 85% of an overall mixture ^Hi the oxygen gas. 

47. (TYithdT^TVtt) Thf ayiftftm f?f claim ?7 f^K!H^**g «vfag»tvft enfl for wAimng pow» faitft tha plasmfl. at a power 
level ofat least 500 Watts. 

48. (wididmwn) Tlie system of claim 3 7 ^^ftiti^fag an inductive coil fbr inducing power into die plaama at a power 
kvdinarange ficGmspproximately 500 to 5000 watts. 

49. (withdrawn) The system of claim37 including a parallel plate reactor fbr generating said plasma, 

50. (witlidmwn) Tbe system of claim 37 inchiding a microwave plaama source fbr generatlflig said plasma. 

5 1 (withdrawn) The system of claim 37 wherein said treatment chamber is at a pieaaure selected in ihe range of 
approximately 0.5 to 15 Toir. 

52. (wi&drawn) The system of claim 37 wherein said treatment diamber is at a pressure of approximately 3 Ton. 

53. (withdrawn) Hie system of claim37 whexein sidd treatment chamber is a;t a preaaure of approximately 1 Toir. 

54. (wxdidrawn) In a plasma reactor system at least fbr use in removing a process maienal crust fiom a treatment 
object, a method comprising tbe steps of. 

generating a plasma in a plasma chaniber using a hydrogen ccmtaining gas in cotnbinalion with oxygen gas snch that 
the plasma is substantially halogen free and so that an overall gas rmxtnie includes at least 15% hydrogen in a way which 
subjects the process material to the plasma for use in removal of die process material crust 

55. (withdrawn) The snethodofclaim 54 wherein said hydip^ 

gas. 

5 6. (withdrawn) The method of claim 5 5 inAiexein each of said hydrogen gaa and said oxygen gas make iq> at least 
MAT-4 5 of 16 USSN l0/fi65;267 



PAGE 8/19'RCVDAT4/4/2006 10:16:45 AM [Eastern Daylight 



Apr 04 2006 7{02flM Boulder Patent Services, 303-499-8516 



appiuAinAtoly outt-hdlf of die ovcfftll 0M nuxtucc* 

57 . (witbdrdTvn) The method of claim 56 ^^iserem said hydrogen gas is provided in die ovmll gas mixture in a 
range from approximately 15% to 85%. 

58. (MididiawiO Themfitl]odofclBim55ii]clud]i]gpx6a8udz^ 
raoge of appioximatdly 0.5 to 15 Totr. 

59. (wilhdzawii) Tlie method of claim 54 ^vherein aaid process material is apbotoresist and said process matexial 
cmtisfomaadbyionin^lantafticmQfanoEigimdphot^^ ofsaidtreabnant object. 

60» (wilhdrawii) Themethodofc]Bim54^)vheieiAd)eifeainM«tt^^^ 

61 . (wid]dra\viO The netihod of claim 54 wheiein aald hydrogen is in a ranee of fiom ^tpraxiraatdy 15% to 85% of 
ao overall ttixmte with the oxygen ga& 

62. (withdmw) The method of claim 54 including die step of inducing power into the plasma at apowcr level of at 
least 300 Watts. 

63> (withdrawn) The metiiod of daim 54 to stiq» of inc 
range fiom app rox im ately 500 to SOOOiwatts. 

64, (withdrawn) The method of daim 54 inchdiag the step of pressmmng the said treatment chamber at a pressure 
selected in the range of approximatety 0.5 to 15 Ton. 

65. (withdrawn) The tnethod of claim 54 inciudix^ the step of pressunzing to treatment chamber at a pressure of 
approximately 3 Torr. 

66« (withdrawn) The method of claim 54 including to sl^ of piessuriziiig to treatment chanibei at a pressure of 
appioxlntttfily 1 Torr. 

67. (currently amended) A plason reactor system at least fhr use inrCTioving an iicpknt crust tot is formed aa an 
outemoat lavw of a tAotoresiat pattern tot is suMMatedte ft prooaflg moteriBl crust from a treatment oMect atAtoflant 
cfiMt hemg farmed iBspanBivB to eamoflue of to treatment obirrt to a hiph dofte ion imelant which hdrodnccs an implanted 
dopaiit into to tteatmant object as well as inm to photoresist torebvprodndntt said implant crwt said system oomprisipgi 

a treatment chantor widsin ^niiijch a halogen fiee plasma is generated using a gas in conAtoitiob with oxygen ga& in 
a way which produces at least one of CH^ radicals and CH3 radicals in said plasma to subject to proo e oo mali ^id ffl^pla^ 
cniflt to to plasma for use ia removal of to proq e H a m ateMt imolant crust 

68. (cunenfly amended) In a plasma reactor system at least fi>r use in removhagjajmpl Mlt au« tot to fmft4 
outemiQrt liiver nf n t^hfttei^flkt pattern tot is miotiotted bv a o i o aB Ba matoMinl lauai ikim a treatment object said implant 
crust beinfe formed fegponaiva to exposure of to treatment object tp a hicfa dose ion imptaitf which introduces an implanted 
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Agart int? ftff Wn«tf m well ai into ftc photeieaMt, theteby pro toiwg fWid mplfllTt CTWrt. tt melhod oompriamg 

rtin ntiMil rtf- 

getteratmg a halogen fince plasma in a plasxm chamber using a gaa in c^ombinaiion with oxygen ga£ ina-wav wfakh 
produces at least one of CH2 radicals acd CH3 radicals in ^ plafltna and ^Mch subjects ffae pioo eHs ma teffiftl iTr^lantgwyu to 
the.plasma for use in zenioval of die pro oa ofl mat i rial inylaat crust. 

69. (iwitlidrawn) A plasoaa reactor system at least ibr use m. cemoving a photoresist layer fiom a treatment object, 
said pbotomist layer Inohiding an outmnost enist foizned by exposure of ihe {diotoTBsiat to an ion in^lantatioa souicep said 
S)^6tetu con^nising! 

treatment chansbei within which said treatment object is supported; 

first means for introducing a first halo^ free plasma in said treatment chamber using hydrogen gas in combination 
widi oxygen gas in a way which subjects the outermost cmst to the first plasma to remove at least a substantial portion of the 
omennoBt cmst so as to leave an innexmost portion of said photacesist layer on the treatment o^oQti 

second means fivruse in removing at least a substantial part of said innermost portion of said photoresist hy&c such 
that a residue remains on the treatment object^ said tesidue relating to at least one of the outcnnost crust and the nmctmost 
portion of the photoresist layer; and 

third means genemting a second halogen £ree plasma using a hydrocarbon gas in combination with oxyg^gss 
and for exposax^ die residue to the second plasma to remove said residue from said treBtment object 

70. (wididrawn) In a plasma reactor syatam at least fiir use in removing a photoresist layer fiom a treatment object 
said pbotoresist layer including an outcnnost cmst fbrmed by exposure of tlie photoresist to an ion implantatloa 80urce» a 
method corr^}ri&ing: 

8tq>porttog aaid trsatment object within a treatment chaniber; 

producing a first halogen firee plasma using hydrogen gas in cotdbination with OT^en gas and $ubjcctmg the 
outermnat crust of the treatment object in said treatment chamber to the first plasma to remove at least a substantial portion of 
4ie outermost crust so as to leave an inoennost portion of said photoresist layer on tlie treatment object; 

removing at least a substantial part of said hmermoat layer of said photoceaiat layer such that a reaidoe remains on 
die trestment object; said residue relating to at leaat one of tlie outeanost ctust and the innermost portion of tiie photoresiflt 
layer; and 

genersting a second halogen free plasma using a hydrocarbon gas in confl)iaaticin with oxygen gas and ei^oeing the 
residue to the second plasma to remove said residue fiom said treatment object 

7 1 . (widkdraT/m) A plasma reajctor system at least £br use in removing a photoresist layer fiom a treatDKUt obj ect^ 
said photorasist layer including an outecxnost ctust fotnoed by exposure of the |diotoresist to an ion implantation source m a 
way vAaidli may additionally form implant tesidueS) said system conpismg: 

a treatment chamiber wiflun wbich said treatment ohrfect is si^poxted; 

first means fi)r Introduoing a first plasma in said treatment chamber using hydrogen gas in comhiTiation with oxygen 
gas such that the first plasma is substanttaOy fiee of halogens and in a way which subj ects at least Hie outermost crust to the 
first plasma to remove at least a portion of die outermost crust so as to leave an underlying portion of said photoresist layer 
on the treatment object alorxg with at least a portion of said irxplant residues; and 
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flccood oaeana for gmnftine 0 second t^^^ 
Oie aeecmd plasnu is substantially ft«e of balogens and for e^^sing Ihe imderlyiqg portion of tbie pbotoiredet layer and any 
remainix^ poxtioD of the itnplant naidues to second plasma for removal from said treatmant pbjaet 

72. (widtdrawn) Tlie system of datm 7 1 wfaeidn said fiist means removes a substantial part of said outermoat cniat 
Bucdi that said underlying portion of Ifac photoresist coxzesponda to an unaheced phototedst region preivioiialy disposed 
beneath ihe outamost cruat and said second means removes a sutoanitial part of aaid underlying portianof the photoresist 

73. (withdraw) In a plasma reactor system at least for use in removing a photoresist layer from a treatment object^ 
said photoresist la>ier including an outfirmost crust fonned by exposure of the photoresist to an Ion implantation source in a 
way which may additionally fbrm inplant residues, a method con^nising: 

supporting the treatment obrject in a treatment chamber; 

mtioducing a first plasma in said treatment chanto 
such^the fiEt plasma is substantially tee of halogens and in a ^waywhich siAvjeds at least die outamost oust to the &at 
plasma to remove at least a portion of the outermost crust so as to leave an underlying poitian of said photoresist layer on the 
treatment object along with at least a portion of said in^lant residues; and 

g po^r ^T ^ a second plasma using a hydrocarbon gas in combination with oxygen gas such that the second plasma is 
substantially free of halogens and exposing die underlying portion of the photoresist layer and any reroaming portion of sfiid 
inq)lant residues to the second plasma &ir removing the innemoost portion of the photoresiBt layo: and the remaming implant 
fesiduea from said deatment object 

74. (withdrawn) The mediod of claim 71 wherein said first means rennoves at least a substantial part of said 
outermost crust such that said underlying portion of the photoresist coxresponds to an unaltered photoresist region previously 
disposed beneath the outennost cniat and said second means removes a substantial part of said underlying portion of the 
photortoaist« 

I 

75. (cunenUy amended) A plasma reactor system at least for use in removing a process residue from a trefttment 
object, which process residue ie formed on the treatment object, at least in part, as a result of remaying an ion implanted 
photoresist &om the tteatment object, said ion implaDtedT>hotore8ist crust being foriaedrgOTon^ivet^ ofthc 
treainient object to a hieh <^n«e inn m^ limt which introduces an implanted dopant into tiie treatment object as well as into the 
photoresist such that said reaidues at least contafai animplflt rt Aipant apeciBH^ wid system conqmstng: 

a tieatmant chamber widun ^ch a plasma is genersted using a hydtccarbon gas in combination with oxygen gas in 
n iin^y wWftli BiAjgfltic pmciifie tasidue faeludiny fee implant dopant species to die pilaamafor use hiiemoval of the process 
residue said plasma being flpee of halogens^ at least to an approximation. 

76. (currently amended) In a pbama reactor system at least fbr use in removmg a process residue from a treatment 
object, which process residue is formed on die treatment object* at least in part, as a result of removing an ion nx^kmed 
photoresist from the treatment ol^ect, iti^la^nted pbntoresl&t cnist bang formed responsive to exoomne of fee 
UBBtment obif y<;it te a hiph dnae ion familant which inttoduceB an implanted dopsnl jpto die tteatnmit obiwt as weB w into fee 
photoresist such Aftt nflid rest AieR at leaat contain an imnlaiit donant snedes^ a msdiod conqmsiE^: 
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gpnerotrngaplasmajnaplasinacham^ 
plasnoa is halosenfree, at least to ao qipfoximalioii, in away ^vUch subjects the procesB xeaidue infft^j^g ffae implant dop ant 
Q2fiSifi&to<hc^pla8iittibrii8eiiiE«]i]oval ofthepiooesateBsiluo. 

77. (withdtawQ) A plasma teaetor eystem at least for vse in renooving a proceaa lesidue fiom a treatment object, 
wliich process fesidue is focmad on the treatment'objeet, at least mpai^ as a lesult of xexnoving an ion iix^lanted photoresist 
from ttie treatment object, said system conqviaing: 

a txeatzneDt cfaaaiber vdian which a plasma is genezated, that is substantislly hal()gea fiee, using a faydxogw 
containing gas in coa^ination with oxygen gas such diat an overall gas mixture Includes at least 1 5% hydrogen in a way 
which suI^ectB die piocess residue to Ae plasma for use in removal of &e]uocess residue. 

78. (withdrawn) The system of claim 77 wlierein said hydrogen contalniflg gas consists essentially of hydrogen gas. 

79. (withdrawn) In a plasma zeactor system at least for use in zemoving a ptocess residue fiom a treatment object, 
which process residue is formed on ^ treatment abject, at least m part, as a result of removing an ion inq>lanted ^lotoiesist 
fiom the treatment object, a metfaiDd conqjrismg: 

generating a plasim in a plssma chamber using a hydmgen containing gas in combination with oxygen gas such that 
tbe plasma is substantially halogen fiee and so that an overall gas mudure includes at least 1 S% hydrogen in a way which 
subjacts the ptocess residue to the plasma for use in removal of Hie process lesidue. 

8D. (wittidrawn) The systezn of claim 77 wherein said hydrogen containing gas consists essentially of hydrogen gas. 

81. (new) The system of claim 1 wber^ 50% xnetbane and S0% oxygen fed^ 

82. (new) Hie method of daim 20 wberein 50% methane anid 50% oxygen fbim sn overall gas mixture. 



USSN 10/665»267 



9 of 16 



MAT.4 



PAGE.12/19'RCVDAT4/41200610:16:4S AM [Eastern DayligM 



